Abstract
Introduction
Food production remains dominated by cereals which make up around 50% of global food production [1] . Wheat (Triticum aestivum) is an important cereal, ranked as the second most important grain crop after maize [2] and is regarded as a strategic crop whose adequate reserves creates self-sufficiency and combat hunger [3] . Wheat grain contains approximately 70% carbohydrates, 11.5% protein, 2% fibre, 1.5% ash and 13% water [4] . Wheat can be processed into flour which is used in the manufacture of breakfast foods, alcohol, dextrose and as animal feed. The wheat straw provides valuable fodder and is also used for making baskets, hats, bedding in fowl runs and as substrate e.g. in mushroom production.
Despite its importance, wheat production in Zimbabwe has been reported to be on the decline [5] . Zimbabwe at its peak (1990 and 2001) produced 325,000 tonnes of wheat [1] with an average yield per hectare of 7400 and 7100 kg respectively. Lowest annual yields were recorded in 2009 where only 12,000 tonnes were achieved from an area of 1800 ha planted [1] . The decline in wheat volumes is a result of a number of constraints including moisture stress at critical growth stages which results in stunted growth, reduced tillering and poor grain set [4] . Concomitant with poor rainfall, a major constraint to crop production including wheat production, is poor soil fertility [6] [7] . Poor soil fertility, especially nitrogen, phosphorous and potassium deficiency, reduces the activity of enzymes and also reduces the crop's resistance to adverse changes to the environment thereby forcing plants into reproduction before vegetative growth completes [6] .
In order to curb the challenge of soil fertility, the majority of commercial and communal wheat farmers use soil applied fertilizers, both organic and inorganic to enhance growth and yield. However, soil applied fertilizers are often associated with ephemeral nutrient deficiency which results in deficiencies of nutrients during periods of critical demands such as reproductive stage as a result of limitations in uptake or restrictions in nutrient delivery [8] . There is need therefore to use foliar applied plant growth regulators as a supplement to soil applied fertilizers to enhance enzyme activities in the plants and address ephemeral nutrient deficiencies at critical growth stages [9] .
In order to enhance wheat yield farmers could use a newly introduced Chinese plant growth regulator, Tianda 2116. This plant growth regulators has been recently reported to enhance growth and yield of wheat [10] - [12] . Research done on wheat in China show that Tianda 2116 plant growth regulator increases the chlorophyll content in wheat leaves [13] . Chlorophyll is essential in photosynthesis for the synthesis of photo-assimilates essential for grain filling during the reproductive stage of wheat development [13] . Tianda 2116 has also been proven to reduce electrolyte leakage in all photosynthesizing plant parts especially the head and the flag leaf [14] and this helps to keep up tugor pressure and prevent plasmolysis by creating a hypotonic environment in plant cells. Tianda 2116 plays an important role in improving grain quality and strengthening photosynthetic rate of grain filling period [10] . In Zimbabwe not much research has been done to evaluate effects of the newly introduced plant growth regulator, Tianda 2116 on growth and yield of wheat. This research therefore aims to determine the effects of differing application time of Tianda 2116 on growth and yield of wheat.
Materials and Methods
The research was conducted at Gwebi Agricultural College farm (17˚40'60''S, 30˚52'0''E and 1.438 m•asl) in Zimbabwe agro-ecological region IIb. Some of the pre-sowing soil physical and chemical properties at the experimental site are as shown in Table 1 . The experiment was laid in a Randomized Complete Block Design (RCBD) with 7 treatments replicated three times ( Table 2) .
Conventional tillage was done using a tractor and a torpedo tractor drawn plough to invert the soil and bury some of the debris from the previous crop and control weeds. This was followed by secondary tillage using a disc harrow to prepare the seedbed. Wheat seeds of variety SC Sekuru, were drilled in rows which had an interow spacing of 0.25 m at a seed rate of 100 kg•ha −1 . Compound D fertilizer (N 7 :P 14 :K 7 ) was drilled in each plot at a rate of 400 kg•ha −1 at planting, while Ammonium nitrate (34.5% N) was applied four weeks after planting at a rate of 400 kg•ha −1 . Weeding was done manually by hand pulling in between rows. Frequent scouting of pests and diseases was done. Leaf rust was successfully controlled using Shavit (Triademenol 25% EC active ingredient) at a rate of 125 ml•ha −1 . The plant growth regulator (Tianda 2116) was applied at a rate of 375 g•ha −1 using a knapsack sprayer at different times according to the respective treatments ( Table 2 ). The powder was mixed with 600 liters of water. The resultant solution contained 1% Chitosan concentration. The solution was then sprayed on wheat canopy at an elevation of less than 30 cm above the wheat canopy. Hooded sprays were used to avoid spray drift onto adjacent or neighboring plots.
An automatic weather station located some 120 metres from the experimental site recorded rainfall (mm), maximum and minimum air temperature (˚C), solar radiation (MJ•m
), reference evapotranspiration (mm) and vapour pressure deficit VPD (KPa) each day during the experiment ( Table 3 ). Very few rains were received in the growing season as this was winter time which is characterized by cold dry conditions. Frequencies of irrigation were based on the irrigation schedule designed by MacRoberts (1993) in [15] . The total amount of irrigation water applied at the experimental fields for the duration of the experiment was 550 mm. The data that was collected include plant height, days to flowering, days to physiological maturity, number of tillers per plant, number of spikes, thousand grain weight and grain yield. Analysis of Variance was performed using GenStat 14 th edition. Significant differences between treatment means were determined at 5% level using the least significant differences (LSD) test.
Results and Discussion

Effects of Differing Application Time of Tianda 2116 on Plant Height of Wheat
Early application of Tianda 2116 at 2 and 3 WAP resulted in reduction of wheat plant height (Figure 1) . This was mainly due to the effect of Chitosan (active ingredient of Tianda 2116), which retards the lengthening of basal internodes of wheat especially when it is applied in the early vegetative growth [16] . The results were in line with studies conducted by [17] on the application of Chitosan in wheat plants. He also observed that early application (7 -21 days after emergence) of Chitosan resulted in short wheat straw as compared to no or late application. He also noted that seed soaking in Chitosan solution before planting reduced plant height. However, [18] found contradicting observations that, foliar application of oligomeric Chitosan at any growth stage did not affect the height of rice and soybean plants.
Effects of Differing Application Time of Tianda 2116 on Number of Days to Flowering
Early application of Tianda 2116 at 2 WAP, 3 WAP and 4 WAP delayed flowering of wheat plants ( Table 4) . This may be because of elevated nitrogen levels during the early stages of growth promoting rank growth there- 
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Time of application by delaying flowering as the straw continues to grow. Flood and Halloran (1986) noted that wheat types which are responsive to vernalization flower after exposure and completion of a cold period. The double ridge stage is not reached until the chilling or vernalization requirements are met thus the vegetative phase is prolonged generating an increased number of leaves in the main shoot. However, [17] discovered that the effectiveness of low temperatures to initiate or accomplish vernalization decreases with early application of oligomeric Chitosan, as a result the vegetative phase is prolonged thereby delaying flowering. [19] also pointed out that vernalization occurs at three stages of the growing cycle of wheat plants: during germination, during vegetative plant growth and during grain filling. Early application of Chitosan therefore forces wheat plant to delay vernalization and flowering at the pre-determined vegetative growth stage expected of the variety Ceteris paribus. The effectiveness of low temperatures to achieve vernalization decreases with reduced nutrient availability, and increasing plant age [20] .
Effects of Differing Application Time of Tianda 2116 on the Mean Number of Days to Physiological Maturity
Delaying application of Tianda 2116 from 3 WAP to 14 WAP significantly (p < 0.05) reduced the time taken to physiological maturity ( Table 4) . [21] noted that early application of plant growth regulators in cereals primarily promotes leaf area expansion, stimulates the photosynthetic activity of the leaf as well as delaying canopy senescence. Studies conducted by [14] showed that early application of Tianda 2116 slowly increased malondialdehyde (MDA) (main product of membrane lipid peroxide) content which intend reduces senescence flag leaf and peduncle, increasing physiological maturity of wheat.
Effects of Differing Application Time of Tianda 2116 on Number of Tillers, Spikes per and Spikelets per Spike
There was no significant difference (p > 0.05) on the effects of differing application time of Tianda 2116 on number of tillers per plant and number of spikes per plant ( Table 5 ). All treatments were comparable to no application of Tianda 2116 on number of tillers and spikes per plant. The possible reason could be that the number of tillers and spikes per plant is mainly controlled by the genetic makeup of the plant. Although other factors like population density, sowing date, and the availability of water and nutrients also plays a role in determining the number of tillers per plant [22] . Number of spikes produced per plant could be a function of seed variety potential, soil nutrient availability, moisture availability, planting density and relatively lower temperatures to stimulate spike initiation. Early application of Tianda 2116 at 2 and 3 WAP resulted in an increase of spikelets per spike. The number of spikelets per spike is determined at about 10 days before flowering [23] . According to [24] , there is a very close correlation between number of spikelets per spike and the Chitosan content in leaf blades during the first four week period before flowering. [25] observed that degeneration of differentiated spikelets occur during the spikelet-formation stage i.e. at the stage of reduction division of pollen mother cells. Differentiation and degeneration of spikelets is a result of sensitivity to environmental conditions especially nitrogen supply and solar radiation with the most critical period for nitrogen supply being 30 -32 days before flowering. Differentiation of spikelets is strongly promoted by nitrogen and Chitosan supply while spikelet degeneration is prevented by an efficient carbohydrate supply. The final number of spikelets usually is closely correlated with the amount of total nitrogen and plant growth regulators absorbed up to the flowering stage [26] . Thus, Tianda 2116 applied at the earlier stages of growth before flowering is effective in increasing the number of spikelets per spikes. This could be attributed to the fact that early application of Tianda 2116 could also translate into higher concentration of the growth regulator on a smaller leaf area as compared to later/subsequent applications on well established crop canopy.
Effects of Differing Application Time of Tianda 2116 on Thousand Grain Weight of Wheat
Early application of Tianda 2116 at 2 and 3 WAP increased thousand grain weight of wheat ( Table 5 ). There was more grain filling of wheat grains with early application of Tianda 2116. Perhaps this could be a result of extended physiological maturity with early application of Tianda 2116 evidenced in this study. Extension of physiological maturity is synonymous with high uptake of photosynthetically active radiation intercepted by the leaves resulting in an increase of carbohydrates which are channeled to the sinks, which in this case are the wheat grains. In addition, this study also revealed that early application of Tianda 2116 resulted in delay of flowering, therefore more vegetative growth. Increased vegetative growth with early application of the plant growth regulator may have elevated the strength of the source (leaves). If the strength of the source is high, there is high likelihood of channeling of assimilates to the grains.
Effects of Differing Application Time of Tianda 2116 on Wheat Grain Yield (t/ha)
Application of Tianda 2116 at 2 and 3 WAP resulted in high wheat grain yield ( Table 5 ). This could be as a result of high number spikelets per spike and thousand grain weight observed in this study. High number of spikelets per spike increased the number of grains while thousand grain weight elevated the mass per individual grain, thus both factors contributing to grain yield. The grain yield trend observed in this study was similar to that obtained by Fengxia et al., (2011) who observed a significant grain yield increase of 10.5% -12.6% in treatments were Tianda 2116 was applied 18 -25 days after planting.
Conclusion
From this research it can be concluded that early application of Tianda 2116 growth regulator at 2 and 3 WAP resulted in reduced plant growth, however increased physiological maturity, number of days to flowering, number of spikelets per spike, thousand grain weight and grain yield of wheat.
